variation of populations throughout its range. In that study, Schmidly (1972) proposed the recognition of 3 subspecies (collinus, laceianus, and pectoralis) and placed P. p. eremicoides in synonomy with P. p. pectoralis. In general, geographic variation was used to delimit distributions of the 3 subspecies as follows: collinus was restricted to the Sierra Madre Oriental in Tamaulipas and San Luis Potosí and southward to northern Guanajuato; laceianus occurred in the southern United States (Texas and New Mexico) southward to northern Mexico (Chihuahua, Coahuila, Nuevo León, and Tamaulipas); and pectoralis occupied the central and western regions of Mexico (southern Coahuila and Chihuahua southward to Jalisco, and Hidalgo). Schmidly (1972) further noted that extreme intraspecific differentiation occurred in southern Tamaulipas, where the desert habitats merge with the pine-oak forests of the Sierra Madre Oriental, and in central San Luis Potosí, where mesquite grasslands in the west join the tropical deciduous and thorn forests to the east. These regions mark the distributional boundaries among the 3 subspecies, presumably due to the interface of the different ecotones described above. Kilpatrick and Zimmerman (1976) used allozyme data to assess genetic variation in 21 populations of P. pectoralis, including specimens from Oklahoma, representing the 3 subspecies recognized by Schmidly (1972) . Kilpatrick and Zimmerman (1976) identified 3 genetic clusters similar to the morphologic groups proposed by Schmidly (1972) , albeit P. p. pectoralis appeared to be distributed further north than indicated by the morphologic data. In addition, they reported a low degree of genetic similarity among populations and concluded that it was consistently less than levels of genetic variation typically observed among other conspecific populations. Kilpatrick and Zimmerman (1976) further hypothesized that 3 populations (Texas, Tamaulipas, and Chihuahua and Durango) served as late Pleistocene refugia for P. pectoralis with subsequent expansion into the current range of the species. Schmidly (1971) had offered a similar scenario based on morphologic data. Despite these apparent patterns of genetic isolation and reduced gene flow between geographic regions, Kilpatrick and Zimmerman (1976) concluded that P. pectoralis represented an unusual polytypic conspecific unit.
In a study examining the phylogenetic relationships of Peromyscus, Bradley et al. (2007) reported 3 mitochondrial cytochrome-b (Cytb) haplotypes for P. pectoralis. Two of these DNA haplotypes corresponded to P. p. pectoralis, whereas the 3rd represented P. p. laceianus. Although beyond the scope of the study by Bradley et al. (2007) , comparison of genetic divergence values among the 3 taxa indicated that the 2 samples of P. p. pectoralis differed from the sample of P. p. laceianus by 6.3% and 6.5% based on Kimura 2-parameter genetic distances (Kimura 1980) . Relative to other studies involving species of Peromyscus Bradley et al. 2004 Bradley et al. , 2014 Durish et al. 2004) , these values exceed those generally observed (≤ 5%) between sister species of mammals (Bradley and Baker 2001) .
In light of the auspices of genetic species as outlined by Baker and Bradley (2006) , and the geographical variation reported in the previous morphologic (Schmidly 1972 ) and biochemical data (Kilpatrick and Zimmerman 1976) , the goals of this study were to: 1) examine genetic divergence, structure, and isolation in the Cytb gene among populations throughout the range of P. pectoralis; 2) re-evaluate the morphologic data from Schmidly (1972) using multivariate statistics; 3) integrate the findings of the allozyme study by Kilpatrick and Zimmerman (1976) ; and 4) determine the taxonomic status of the 3 currently recognized subspecies.
Materials and Methods
Sequence data and analyses.-Tissue samples were obtained from 44 individuals representing P. pectoralis collected from 25 naturally occurring populations in the United States and Mexico (Fig. 1a) . In addition, 7 species of Peromyscus (attwateri, boylii, difficilis, gratus, levipes, nasutus, and truei) reported by TiemannBoege et al. (2000) , Durish et al. (2004) , and Bradley et al. (2007) were included in all analyses as internal standards and references to assist in identifying species and nodal support. Based on the phylogenetic relationships of the genus Peromyscus, presented in Bradley et al. (2007) , P. leucopus was utilized as the outgroup taxon in all analyses. Specimens were collected following methods outlined in the ASM guidelines (Sikes et al. 2011) . Specimen numbers, collection localities, and GenBank accession numbers are listed in Appendix I.
For 24 specimens, mitochondrial DNA was isolated from ~0.1 g of frozen liver tissue using the DNEasy kit (Qiagen, Valencia, California) or the Wizard Miniprep kit (Promega, Madison, Wisconsin). The entire Cytb gene (1,143 bp) was amplified by the polymerase chain reaction (PCR- Saiki et al. 1988) using the following primers: MVZ05 (Smith and Patton 1993) and PERO3ʹ . Thermal profiles for PCR consisted of the following: initial denaturation at 95°C for 2 min, followed by 35 cycles of denaturation at 95°C for 1 min, annealing at 51°C for 1 min, and extension at 72°C for 2 min, with a final extension at 72°C for 7 min. Most PCR products were purified with ExoSAP-IT (Affymetrix, Santa Clara, California); some samples were purified with a QIAGEN Gel Extraction Kit (Qiagen). Primers used in cycle sequence reactions consisted of WDRAT1100, 400R, 700H, and NEO700L (Peppers and Bradley 2000) and 400F . Cycle sequencing reactions were purified using isopropanol cleanup protocols. Purified products were sequenced with an ABI 3100-Avant automated sequencer and ABI Prism Big Dye version 3.1 Terminator technology (Applied Biosystems, Foster City, California). Resulting sequences were aligned and proofed using Sequencher 4.0 software (Gene Codes, 1999, Ann Arbor, Michigan); chromatograms were examined to verify all base changes.
To expand geographic coverage, skin clips were obtained from 20 specimens. Collection dates of specimens for skin clips ranged from 35 to 44 years ago. Small pieces of skin (~5 mg) were obtained from the ventral suture of museum voucher specimens. Skin clips were washed with 95% ethanol and a soak/rinse cycle in 0.01 M of phosphate buffer solution. Samples were digested overnight in 180-μl ATL lysis buffer (Qiagen) with 20 μl of proteinase K (Qiagen). Genomic DNA was isolated using the QIAGEN Blood and Tissue kit (Qiagen) with the modification that DNA was eluted with 40-μl buffer AE heated to 60°C. The first 200-400 bp of the Cytb gene were amplified using PCR methods with primers MVZ05 (Smith and Patton 1993) and 400R (Peppers and Bradley 2000) , Phire II Hot Start DNA polymerase (Finnzymes Thermo Scientific, Rockford, Illinois), and the same thermal profiles as for the tissue samples. PCR products were purified, sequenced, aligned, and proofed as above. All DNA extractions and PCR methods were performed in a separate laboratory from the general PCR laboratory to minimize the risk of contamination; standard positive and negative controls were included at all stages to reduce the possibility of contamination.
A maximum likelihood phylogenetic reconstruction was generated using RaxML (Stamatakis et al. 2005) . The GTR + G substitution model was identified by MrModeltest (Nylander 2004) as having significantly better scores (−lnL = −5448.825555) than all other models examined and consequently was the most appropriate model for this dataset. Nodal support values along the maximum likelihood topology were estimated from 10,000 bootstrap replicates (Felsenstein 1985) using the RAxML "fast bootstrapping" option.
Bayesian inference (MrBayes version 3.1.2-Huelsenbeck and Ronquist 2001) also was used for phylogeny reconstruction and to estimate nodal support. The best-fit model of evolution for each dataset was determined with Modeltest (version 3.06-Posada and Crandall 1998). The Akaike information criterion (AIC-Akaike 1974) identified the GTR + I + G model as having significantly better scores (−lnL = 5,863.5366 and AIC = 11,747.0732) than all other models examined. A GTR + I + G model with a site-specific gamma (Г = 1.5211) distribution, proportion of invariable sites (I = 0.5867), base frequencies (A = 0.3138, C = 0.2974, G = 0.1237, and T = 0.2651), and rate matrix (A-C = 1.7356, A-G = 7.6569, A-T = 1.6564, C-G = 0.8317, C-T = 15.7360, and G-T = 1.0000) was used with the following parameters: 8 MCMC chains, 10 million generations, and sample frequency = every 1,000th generation. Default priors were used for model parameters. After a visual inspection of the likelihood scores, stationarity (<0.01 SD) was obtained at ~980,000 generations, the first 1,000 trees were discarded and a consensus tree (50% majority rule) was constructed from the remaining trees.
The Kimura 2-parameter model of evolution (Kimura 1980) , using the software program PAUP (Swofford 2002) , was used to calculate genetic distances. These values were used to assess genetic divergence among samples of P. pectoralis following a) b) c) Fig. 1. -Synoptic distribution maps, constructed from a consensus of specimens and conclusions obtained from Schmidly (1971 Schmidly ( , 1972 , Kilpatrick and Zimmerman (1976) , Hall (1981) , and this study. Maps depict collecting localities (numbers), putative taxonomic assignment of samples (symbols), and proposed distribution for each taxon (shaded/stippled areas). Results relative to each analysis conducted in this study were overlaid onto a separate map: a) phylogenetic analysis of DNA sequences from the mitochondrial cytochrome-b gene, b) multivariate analyses of morphologic data presented in Schmidly (1971 Schmidly ( , 1972 , and c) allozymic analyses of Kilpatrick and Zimmerman (1976) . Detailed information for collecting localities and individuals are provided in Appendix I and Tables 1 and 2. criteria outlined in Bradley and Baker (2001) and Baker and Bradley (2006) .
Morphologic data and analyses.-The morphologic analyses used 2 datasets to examine the comparability of morphologic results of specimens without (1st analysis) and with (2nd analysis) accompanying genetic data. The 1st included specimens examined in Schmidly (1971 Schmidly ( , 1972 . Those studies used univariate statistics (mean, SD, and SE) and the StudentNewman-Keuls multiple range mean test with Dice-Leraas diagrams to assess morphologic differentiation in 5 external (total length-TL, length of tail-LT, length of head and body-LHB, length of hindfoot-LHF, and length or ear-LE) and 13 cranial measurements (greatest length of skull-GLS, postpalatal length-PPL, nasal length-LN, rostral length-RL, interorbital constriction-IC, mastoidal breadth-MB, zygomatic breadth-ZB, length of molar toothrow-LMT, length of incisive foramen-LIF, palatal length-PL, post-palatal breadth-PPB, depth of braincase-DB, and length of auditory bulla-LAB) among more than 2,000 specimens of P. pectoralis. In 1984, 2 of us (KMN and DJS) re-analyzed a subset of specimens examined by Schmidly (1972) Barr et al. 1976 ) and cluster analyses (UPGMA option from the NT-SYS programs of Rohlf and Kishpaugh 1972) were used on sample means for the 18 measurements listed above. These analyses are reported herein for the first time.
The 2nd dataset used voucher specimens examined in the allozyme study by Kilpatrick and Zimmerman (1976) and the DNA sequence analysis presented in this study (Table 2 ; Fig. 1c ; Appendix I). One of us (DJS) examined the 82 adult specimens from these 2 genetic datasets, which were combined to analyze whether individual specimens of the genetic groups could be sorted (or correctly classified) using 3 external (TL, LT, and LHB) and 6 cranial measurements (GLS, RL, IC, ZB, LIF, and DB) previously identified by Schmidly (1972) as the strongest indicators of morphologic differentiation among samples of P. pectoralis. The morphologic data obtained from the specimens used in the allozyme and DNA studies were subjected to multivariate and discriminant function analysis as described by López-González et al. (2013) using the R programming language (R Core Team 2013).
Results
Sequence data.-Results of the maximum likelihood and Bayesian analyses indicated that multiple individuals from a single locality formed either a monophyletic clade or were members of a slightly more inclusive clade providing confidence in the accuracy of DNA sequences obtained from the skin clip protocols. A maximum likelihood topology (Fig. 2) in which the 44 individuals, representing P. pectoralis, formed a monophyletic clade was recovered and was supported by Bayesian posterior probability values (PP) and percentage of maximum likelihood bootstrap (BS) replicates (PP = 1.00, BS = 98%).
Within this large clade, 2 subclades were identified that corresponded to P. p. laceianus (clade A, PP = 1.00, BS = 100%) and the samples representing P. p. collinus, P. p. pectoralis, and a presumably new subspecies (clade B, PP = 0.99, BS = 94%). The P. p. collinus samples formed a well-supported clade (clade C, PP = 1.00, BS = 89% plus 3 samples from localities 15 and 16 [ Fig. 1 ] that attached moderately [PP = 92, BS = 68] to the base of clade C), but only 5 samples of P. p. pectoralis (localities 5-9) were assignable to a supported clade (D, PP = 0.99, BS = 81%). Within each subclade, several minor clades were supported that demonstrated relationships among samples that were in close geographic proximity.
Genetic divergence values (Table 3) revealed that, in pairwise comparisons of genetic distance values, the 3 individuals that were distributed within Schmidly's (1972) geographic range for P. p. collinus (TTU24597, TTU38387, and TCWC29003) possessed divergence values that varied substantially from other individuals of P. p. collinus although they were members within a monophyletic P. p. collinus. It is not known if these samples varied as a result of geographic variation or from errors associated with amplification of DNA fragments from skin clips. Consequently, analyses of P. p. collinus involved including and excluding these 3 individuals (Table 3) . Average genetic divergence among samples representing all individuals of P. pectoralis was 5.34%. Divergence among individuals within P. p. collinus was 6.23% (4.38% when the 3 samples were excluded), 1.77% for individuals of P. p. laceianus, and 2.21% for P. p. pectoralis. Comparison of divergence values obtained from the 3 subspecies were 6.31% for P. p. laceianus and P. p. pectoralis, 7.14% for P. p. collinus and P. p. pectoralis (5.01% when the 3 samples were excluded), and 9.15% for P. p. collinus and P. p. laceianus (7.38% when the 3 samples were excluded).
Morphologic data.-The first 2 components in the PCA accounted for 80% of the variation among samples (63.02% and 16.98%, respectively, for PC1 and PC2). Characters with high loadings on PC1 (Table 4) reflected the overall size of the skull, such as GLS, MB, and DB. Most of the external measurements displayed low loading values on PC1. PC2 (Table 4) had high positive loadings for TL, LT, and LE and a high negative loading for PL.
The cluster analysis ( Fig. 3 ) of the 63 localities revealed 4 morpho-groups similar to the 4 groups revealed in the PCA: A, from Oklahoma, New Mexico, and Texas, referred by Schmidly (1972) to the subspecies P. p. laceianus; B, from eastern slopes of the Sierra Madre Oriental in Tamaulipas and San Luis Potosí, referred by Schmidly (1972) to P. p. collinus; C, from the Mesa del Norte of Mexico in the states of Coahuila and Nuevo León, also referred to by Schmidly (1972) as P. p. laceianus (but herein assigned to a newly described subspecies of P. pectoralis); and D, from western and southern Mexico (from the states of Chihuahua, Durango, Nayarit, vicinity of Guadalajara in Jalisco, Querétaro, and Hidalgo), referred by Schmidly (1972) to the subspecies P. p. pectoralis. With the exception of 2 samples (locality 43 in morpho-group A and 44 in morphogroup C), each of the 4 groups form geographically consistent Table 1 .-Locality information and sample sizes (n) for specimens examined in the morphologic analyses (PCA and cluster analyses). Localities are presented in general terms relative to nearest city; specific localities and museums housing specimens can be found in Schmidly (1972) . Subspecific designations are those proposed by Schmidly (1972) . Locality numbers correspond to Fig. 2 . An asterisk (*) identifies localities from Schmidly (1972) that were re-analyzed in a multivariate framework.
Locality
General description (n) Subspecies designation clusters that approximate the taxonomic arrangement for the species adopted by Schmidly (1971 Schmidly ( , 1972 except for the division of P. p. laceianus samples into 2 groups, 1 north of the Río Grande in the United States and a 2nd group south of the Río Grande in Mexico. The PC loadings (Table 4) revealed the major morphologic differences among the 4 morpho-groups. Samples north of the Rio Grande (morpho-group A; Fig. 3 ), compared to those to the south, had higher PC1 loadings, and low positive or negative PC2 loadings, indicating mice with larger skull dimensions and a smaller to medium body size. Samples in morpho-group B, from the eastern foothills of the Sierra Madre Oriental in Tamaulipas and San Luis Potosi, had higher positive PC1 and PC2 loadings, indicating larger skull dimensions and larger TL. Samples of morpho-groups C and D, from north-central Mexico, all have negative PC1 loadings of various magnitudes, indicating intermediate to small skull size. However, the latter 2 morpho-groups differentiate into 2 groups along PC2, with those in Coahuila and Nuevo Leon in northern Mexico (morpho-group C) having positive loadings, whereas those from the western and southern states in Mexico (morpho-group D) had low positive or negative loadings. This indicates that although individuals in both clades are similar in skull size, smaller bodied mice occur in the west and south (Durango, Nayarit, Jalisco, and Queretaro), and larger mice (intermediate when all localities are considered) occur to the north in Coahuila and Nuevo Leon.
The position of localities 43 and 44 in the PCA plot helped clarify the confusion about their inclusion as possible outliers in the cluster analysis. In the PCA plot, locality 43, which clustered with the P. p. laceianus samples in morphogroup A, was positioned on the boundary of samples in the P. p. laceianus/new subspecies group and this sample could have been placed in either group based on its intermediate spatial position. Similarly, locality 44 (from Xilitla, San Luis Potosí) in the PCA plot was positioned on the edge of the other P. p. pectoralis samples but relatively close to samples of P. p. collinus. Also, both locality 43 and 44 had smaller sample sizes (5 and 10 individuals, respectively) compared to other localities (19.9 average sample size) that could explain their position as outliers in their respective groups.
The discriminant analysis of the voucher specimens used in the allozyme and DNA sequence studies (Table 5 ) revealed that 60 of 82 specimens (73%) were classified correctly-that is, their posterior probability of classification was consistent with their original classification based on genetic data. Although the individuals did not sort into completely unique groups, they exhibited an overall pattern of clustering into groups similar to those produced in the other morphologic analyses. For example, all but 1 of the 26 specimens of P. p. laceianus from the United States was classified correctly, making it the most morphologically distinct of the groups. The single misclassified specimen originated from Terrell County, Texas, and was classified with the individuals of the new subspecies. Seventyeight percent of specimens (13 of 18) in the genetic clade for the new subspecies were classified; of the 5 that were not, 2 were classified as P. p. collinus and 3 as P. p. laceianus. Only 38% of the P. p. collinus specimens were classified correctly; 3 were misclassified as P. p. laceianus, 2 as P. p. pectoralis, 2 as the new subspecies, and 1 could not be assigned confidently to any group. Of the 50 specimens obtained from the allozyme and DNA studies from south of the Rio Grande in Mexico, only 5 were misclassified as P. p. laceianus. These included 3 individuals of P. p. collinus (from Cd. Valles and El Salto in San Luis Potosi) and 2 individuals of the new subspecies (both from the vicinity of Saltillo, Coahuila).
The classification of the 5 unassignable specimens in the DNA sequence study was enigmatic. Three of the specimens were classified as unassigned (not confidently assigned to any group) and 2 specimens (from Jaumave, Tamaulipas) were classified as the new subspecies.
Discussion
Relative to the taxonomic status of P. pectoralis in the southern United States and Mexico, a brief summary of the 3 datasets (morphology, allozyme, and DNA sequences) is warranted. In addition, the historical perception of the species complex is reevaluated and discussed.
Results of the phylogenetic analyses of DNA sequences (maximum likelihood and Bayesian inference) revealed 2 well-supported and genetically divergent clades (Fig. 2) . The 1st clade (A) contained only individuals from Texas that historically have been referred to as P. p. laceianus (Schmidly 1972) , whereas the 2nd clade (B) contained individuals from Table 2 .-Locality information and sample sizes for specimens examined in the allozyme study by Kilpatrick and Zimmerman (1976) . Localities are presented in general terms relative to nearest city; specific localities can be found in Kilpatrick and Zimmerman (1976) . Locality numbers correspond to Fig. 3 . An asterisk (*) corresponds to localities from which select specimens were examined in the 2nd morphometric analysis. (Table 3) between the 3 subspecies were higher than expected when compared to values reported from comparisons of other species of Peromyscus (Bradley et al. , 2007 (Bradley et al. , 2014 Durish et al. 2004 ). Average Kimura 2-parameter distances ranged from 6.31% between P. p. laceianus and P. p. pectoralis to 9.15% for P. p. collinus and P. p. laceianus (7.38% when the 3 problematic samples were excluded). These divergence values are comparable in magnitude to those reported for other species in the P. truei species groups (e.g., P. difficilis and P. nasutus- Durish et al. 2004 ). Kilpatrick and Zimmerman (1976) Capital letters refer to clades discussed in the text. Posterior probability values (0.95) are indicated by an asterisk (*) above the branches, whereas, bootstrap support values > 65% are indicated below branches. Individuals whose sequence was obtained from skin clips are denoted by a plus sign (+). Localities and specimen numbers are explained in Table 1 and Appendix I. reported similar levels of genetic divergence based on allozymic data. In addition, they reported discontinuities in gene flow between samples from Texas (P. p. laceianus) and northern Mexico (P. p. pectoralis) and among populations in northeastern Mexico (P. p. collinus) and other Mexican populations (P. p. pectoralis). Kilpatrick and Zimmerman (1976) concluded that P. pectoralis was an unusual polytypic species with 1 to 3 unique gene pools and that these gene pools were the result of isolation during 3 Pleistocene refugia events.
PCA and cluster analysis (Fig. 3 ) of the 63 sample means revealed a pattern remarkably concordant with both the DNA sequence and allozyme datasets with all samples of P. p. laceianus from north of the Río Grande distinctly separated from those of P. p. collinus and P. p. pectoralis in Mexico. Significantly, those samples of P. p. laceianus from just north of the Río Grande (4, 14, 15, 20, 21, 25 , and 26) were in separate morphogroups from those just to the south of the river (27, 28, 29, and 45), indicating a strong morphologic divergence comparable to the divergence seen in both genetic datasets. Schmidly (1971 Schmidly ( , 1972 in his univariate analysis of morphologic variation did not recognize this level of morphologic divergence as being of taxonomic significance although he did comment on the morphologic distinctness of specimens on either side of the Río Grande in the Big Bend region of Texas and Chihuahua, Mexico, as follows: "Examples of P. p. laceianus from the Chisos Mountains in Big Bend National Park are significantly larger in all cranial dimensions than those from … northern Chihuahua" (Schmidly 1972 ). However, he went on to point out that no noticeable differences were apparent between samples on either side of the river near Langtry, Texas, along the eastern segment of the Río Grande. Schmidly (1972) interpreted the overall nature of morphologic variation in Texas and northern Mexico to be clinal, with insufficient differentiation to warrant taxonomic separation of samples on either side of the river.
All multivariate analyses supported the separation of the samples of the subspecies P. p. collinus and P. p. pectoralis in Mexico from the P. p. laceianus (sensu Schmidly 1972) samples south of the Río Grande on the Mesa del Norte of Mexico. Furthermore, the multivariate analyses suggested that samples from Guanajuato and western San Luis Potosí in Mexico, which Schmidly (1971 Schmidly ( , 1972 questionably assigned to P. p. collinus on the basis of their darker coloration, are in fact more like southern samples of P. p. pectoralis, a conclusion reinforced by the DNA and allozyme data.
The discriminant analysis of the specimens with genetic data correctly classified only 73% of the individuals. The most distinct of the morpho-groups was the one with individuals of P. p. laceianus with 96% correctly classified. Significantly, only 5 of the 50 specimens from the allozyme and DNA studies from Mexico were misclassified as P. p. laceianus, reinforcing the conclusion of considerable morphologic divergence between individuals from north and south of the Río Grande. The next taxon with the fewest correct classifications was the new subspecies, followed by P. p. pectoralis, and P. p. collinus that had the most misclassifications. The small sample size of specimens from the allozyme and DNA studies, for some of the groups (e.g., P. p. collinus and P. p. pectoralis with 13 and 14 individuals, respectively), could negate the discriminatory ability of external and cranial measurements to correctly classify such a small number of individuals.
The results of the phylogenetic analysis and levels of genetic divergence among 3 of the subspecies of P. pectoralis (laceianus, collinus, and pectoralis) and the findings of Kilpatrick and Zimmerman (1976) (15-17), San Luis Potosí (11-14), and Tamaulipas (10) formed a monophyletic clade (C), only samples from 5 localities in Coahuila (5-8) and Tamaulipas (9) representing P. p. pectoralis formed a supported clade (D). We believe these individuals (clade D) genetically are distinct enough to warrant taxonomic recognition as a new subspecies (see below). The remaining samples of P. pectoralis, especially those from Durango and Jalisco, were unsupported in their placement. Although the evidence for recognizing 3 species is enticing, delimiting the species boundaries and distributions is not clear. The 2 genetic studies (this study and Kilpatrick and Zimmerman 1976) are compatible in restricting the distribution of P. p. laceianus to Texas (Figs. 1a and 1c) , whereas Schmidly (1972) depicted the range of P. p. laceianus to include most of northern Mexico. Further, the cluster (Fig. 3) and PCA multivariate analyses of morphometric data clearly delineate a division between populations of P. p. laceianus from north of the Río Grande and those south of the River that are now referred to as a newly described subspecies (see below).
Additional samples are needed from northwestern Tamaulipas to better define the distributions of the new subspecies (see below) and P. p. collinus, especially where the San Carlos Mountains interdigitate with the Mexican Plateau and the Sierra Madre Oriental. Three samples (Fig. 2) from Tamaulipas (localities 23-25), representing 4 individuals, were not associated with any taxon (P. p. collinus or P. p. pectoralis), instead they attached in a step-wise fashion at the base of clade B. Geographically, they would appear to be examples of P. p. collinus or P. p. laceianus (= new subspecies in this study), although analyses presented herein do not reveal a concise conclusion. The discriminant function analysis employed in this study classified the 2 specimens from Jaumave, Tamaulipas (TTU 114139 and 114140), as belonging to the new subspecies, but the classification status of the other specimens was unresolved. Schmidly (1972) suggested evidence of possible intergradation between P. p. collinus or P. p. laceianus (= new subspecies) in this region due to ecological gradients formed by the interdigitating nature of mountains and valleys. Samples from localities 15 and 16 technically were "unassignable," although a case is made for an affiliation with P. p. collinus. These samples attached moderately (PP = 92, BS = 68) to the base of clade C. The DNA sequences obtained from these 3 individuals were from skin clips and the low nodal support may have been influenced by the short sequence reads; therefore, we assign specimens from these 2 localities to P. p. collinus.
Taxonomic Conclusions
Sequence-based phylogenetics supported by allozyme variation and multivariate analyses of morphologic data form the basis for recognizing P. laceianus as a separate and presumably cryptic species from the Mexican populations of P. pectoralis. All 3 datasets suggest a new southern boundary, the Río Grande, should be delineated for P. laceianus. There also is evidence to suggest, although it is not as conclusive, that P. p. collinus and P. p. pectoralis could warrant separate species recognition. As additional samples of P. p. collinus and P. p. pectoralis become available for study, the conundrum of their species status should be resolved.
The taxonomic assignment of P. pectoralis populations in Mexico requires further modification. All multivariate analyses of morphologic variation (see Fig. 3 ) revealed 3 distinct groups of Mexican populations, with western and southern populations separated from those in north-central Mexico that, in turn, are distinct from the populations along the eastern slopes of the Sierra Madre Oriental in Tamaulipas and San Luis Potosí. The DNA sequence analysis revealed this pattern as well, although to a lesser extent (see Fig. 2 ), but it was not evident in the allozyme study of Kilpatrick and Zimmerman (1976) .
There are 2 names available for the western and southern populations, P. p. eremicoides (type locality Mapimí, Durango) and P. p. pectoralis (type locality Jalpan, Querétaro), with the latter having priority over the former (see Osgood 1904) . Schmidly (1972) reported certain differences between P. p. eremicoides and P. p. pectoralis, but opined there was "no geographic area where these differences appear concurrently." For this reason, he subsumed eremicoides under pectoralis, and used the latter name for all the Mexican populations except those from the eastern slopes of the Sierras in Tamaulipas, San Luis Potosí, and Hidalgo that he referred to collinus (see Hooper 1952) . Therefore, under the new analyses presented herein, whereby populations from western and southern Mexico are both genetically and morphologically distinct from those in central Mexico, there is no applicable name available for the populations occupying the large region of northern and central Mexico that previously were referred to laceianus. We refer these Table 5 .-Concordance between specimens identified in the morphologic analyses with those identified in allozyme (Kilpatrick and Zimmerman 1976) and DNA-based analyses (this study) based on discriminant function analysis. Number/percentage of specimens classified by a discriminant function analysis for 5 genetic groups of Peromyscus pectoralis. N/A refers to specimens that could not be classified into any taxon and P. p. nonassignable refers to specimens that were not assigned to any taxon in the DNA sequence study. Diagnosis.-P. laceianus and P. pectoralis represent cryptic species and only can be distinguished using DNA sequences or sophisticated analyses of multiple morphologic characteristics. Compared to other species of Peromyscus, P. laceianus can be diagnosed as follows: size: TL medium, generally 175-200 mm; body short, averaging less than 100 mm; tail short, averaging less than 100 mm and usually equal to body length; hind feet large, 20-22 mm; ears large, 19-21 mm. Color: dorsal, medium brown, and lighter brown to fulvous along sides; venter, whitish; ankles, usually white with white extending above ankle. Skull: large and heavy; auditory bullae, medium.
Comparisons.-P. laceianus is most easily confused with 2 other species of deer mice in Texas, P. attwateri and P. boylii. From P. attwateri, P. laceianus differs in smaller size (particularly in length of hind foot); paler color; white instead of dusky ankles; more sharply bicolored tail; smaller bullae; shorter incisive foramen; truncate instead of rounded posterior tip of nasals; shorter toothrow; smaller, more weakly developed mesopterygoid process; baculum with long cartilaginous spine at distal end instead of a short spine; 9-10 large chromosomes rather than 7-8.
From P. boylii, P. laceianus differs in the following features: skull slightly smaller; rostrum relatively broader and heavier; braincase less vaulted; molar teeth slightly smaller; white instead of dusky ankles; posterior tip of nasals truncate rather than tapering in a V-shaped pattern; baculum with long cartilaginous spine at distal end instead of a short spine; 9-10 large biarmed chromosomes rather than 3-4.
According to Schmidly (1972) , laceianus is best distinguished from the 2 subspecies of P. pectoralis by a combination of TL and greatest length of the skull. Specimens of P. p. collinus have a longer skull and a longer TL; specimens of P. p. pectoralis are smaller in both length of skull and TL; and specimens of P. laceianus have a longer skull but are short in TL.
Measurements.-Means and ranges in millimeters of 28 adult near topotypes from 5.6 km S, 8.4 km. W Kerrville, Kerr Co., Texas: , , , , , .2), LN-10.4 (9.9-11.0), LR-10.6 (9.9-10.9), IC-4.2 (3.9-4.4), MB-11.4 (11.2-11.6), ZB-13.6 (12.9-14.0), LMT-3.9 (3.7-4.1), LIF-5.2 (5.0-5.7), PL-4.1 (3.6-4.6), PPL-9.5 (9.1-10.0), DB-9.2 (8.9-9.6), and LAB-5.0 (4.8-5.3).
Remarks.-There is some geographic variation among samples of P. laceianus in Texas, although Schmidly (1972) saw no justification for recognition of subspecies. His analysis showed that series of specimens from the Trans-Pecos region averaged smaller in cranial dimensions than other examples of P. laceianus in the state. In the multivariate analysis, there was some separation of the smaller mice from west of the Pecos River from the larger mice to the east of the river. Although we did not have any DNA sequence data from specimens taken from Oklahoma, the allozyme analysis of Kilpatrick and Zimmerman (1976) . Cranial measurements (mm) were: GLS-25.95, RL-9.8, LN-10.2, PPL-9.3, ZB-12.8, breadth of braincase-12.3, MB-11.4, IC-3.95, LMT-3.7, LIF-4.3, LAB-4.9, DB-9.0, length of mesoptyergoid fossa-4.6, PL-3.8, breadth of rostrum-4.5, breadth across molars-5.4, and width of mesoptyergoid fossa-2.8, and post-dental palatal breadth-4.0.
Type locality. Diagnosis.-A subspecies of P. pectoralis with the following characters: size medium for the genus (185-210 mm); tail as long as head and body (85-100 mm); hind foot length medium (20-22 mm); ear length medium (19-21); dorsal coloration medium (hair brown at tips, Blackish Slate at base; color terms after Ridgway [1912] ); sides Ochraceous-Tawny; venter pelage White at tips, Blackish Slate at base; feet with Hair Brown strip extending to just above ankle; toes White; tail slightly bicolored, Tawny-Olive above and Pinkish Buff below, scantily haired at base and slightly tufted at tip; ears Sepia; vibrissae Black; skull elongate and average for species; toothrow small; zygomata somewhat compressed anteriorly, not elbowed squarely; molar teeth with small accessory tubercles; auditory bullae small and not greatly inflated.
Measurements.-Selected mean measurements for a series of 70 near topotypes from the Saltillo region are: .00, and LAB-4.87. These same measurements for a series of 25 specimens of P. p. pectoralis from Tolimán, Querétaro, are: TL-188.44, LT-100.44, LHB-88.00, . For a series of 22 topotypes of P. p. collinus from the San Carlos Mountains of Tamaulipas, these measurements are: TL-215.78, .
Comparisons.-From P. p. pectoralis, P. p. zimmermani averages significantly larger in most external and cranial measurements but especially TL, tail length, length of skull, length of rostrum, and length of bony palate (see above). Genetically, P. p. pectoralis and P. p. zimmermani differ by 1.39% at the Cytb locus. From P. p. collinus, P. p. zimmermani is significantly smaller in all external and cranial measurements.
Remarks.-The northern boundary of P. p. zimmermani is the Río Grande as specimens from northern Coahuila (near Ocampo and Nadadores) are clearly assigned to it and not P. laceianus. The western boundary extends from northwestern Coahuila southward through central Coahuila and into Zacatecas with specimens from General Cepeda in southern Coahuila showing evidence of intergradation between P. p. zimmermani and P. p. pectoralis further to the west. The southern boundary lies somewhere in the region of Aguascalientes and northeastern Jalisco along the southern end of the Mexican Plateau. The eastern boundary is associated with the ecological gradient that separates the pine-oak and mesquite-grassland vegetative zones to the west of the Sierra Madre Oriental from the tropical vegetative areas in Tamaulipas and San Luis Potosí to the east with P. p. zimmermani occurring west of this vegetative gradient and P. p. collinus to the east. Some geographic variation is seen among samples of P. p. zimmermani with individuals from northern Coahuila and Nuevo León averaging slightly larger than topotypes and specimens from further south. Steep step clines in most external and cranial measurements, indicative of secondary intergradation, separate P. p. zimmermani from P. p. collinus in Tamaulipas, whereas the intergradation between P. p. zimmermani and P. p. pectoralis in western Coahuila is more of a primary, gradual type.
Etymology.-This subspecies is named in honor of Dr. Earl Zimmerman in recognition of his contributions to understanding the genetic variation among species of Peromyscus as well as his impact on the systematics of mammals in the southwestern United States and Mexico.
Resumen
Se utilizaron secuencias de ADN y datos morfométricos para reevaluar la taxonomía y sistemática de Peromyscus pectoralis. Análisis filogenéticos (máxima verosimilitud e inferencia bayesiana) de las secuencias de ADN del gen mitocondrial citocromo-b de 44 muestras de P. pectoralis indicaron la existencia 
